ABSTRACT
component internally rotated ≥1° with respect to the transepicondylar axis (20% vs. 55%, p=0.001). The difference was not significant in terms of limb alignment, coronal and rotational femoral component position, or coronal and sagittal tibial component position. Intra-operatively, all patient-matched cutting blocks demonstrated acceptable fit and stability. No instrument-related adverse events or complications were encountered. One (2.2%) femur and 6 (13.3%) tibiae were recut 2 mm for optimal ligament balancing. Two femoral components were upsized to the next size, and 2 tibial components were upsized and 2 downsized to the next size. Conclusion. PMI was as accurate as conventional instrumentation in TKA. There was no significant difference in limb alignment or femoral and tibial component position in the coronal and sagittal planes between PMI and conventional TKA. PMI had a higher tendency to achieve correct femoral component rotation.
introduction
Limb malalignment and soft-tissue imbalance may result in poor outcome and decreased survival of total knee arthroplasty (TKA). [1] [2] [3] [4] Compared with conventional instrumentation, computer navigation decreases alignment outliers, but has limitations associated with accurate landmark registration, pin loosening, long learning curve, increased operating time, and costs. [5] [6] [7] [8] [9] Patient-matched instrumentation (PMI) improves surgical accuracy and decreases operating time and inventory. [10] [11] [12] [13] [14] It avoids intramedullary instrumentation and some limitations of computer navigation. This study aimed to compare PMI TKA with conventional TKA in terms of limb alignment and component position.
Materials and Methods
This study was approved by the ethics committee of our hospital (#2010023). Assuming a standard deviation (SD) of 3º and a 2-tailed alpha of 0.05, 45 patients per group were required to achieve >85% power to detect a difference of ≥2º between groups.
Between April 2010 and October 2011, 53 consecutive patients with symptomatic osteoarthritis were prospectively recruited to undergo TKA by a team of 5 surgeons using PMI (VISIONAIRE, Smith & Nephew, Memphis [TN], USA). TKA was performed through the medial parapatellar approach using the posterior-stabilised Genesis II (Smith & Nephew) prosthesis. Patients with post-traumatic arthritis or in whom magnetic resonance imaging (MRI) was contraindicated, for example with a pacemaker or any metal near the knee joint, were excluded.
Of the 53 patients, 8 did not undergo a postoperative Perth protocol computed tomography (CT) owing to unwillingness or inability (n=7) or revision for infection (n=1). The remaining 9 men and 36 women (mean±SD age, 69.5±1.5 years) were compared with 20 men and 25 women (mean±SD age, 69.3±1.5 years) who underwent conventional TKA for osteoarthritis prior to June 2012 by the same team of surgeons with the same prosthesis and protocols.
For PMI, the femorotibial or hip-knee-ankle (HKA) angle was assessed preoperatively using a long-leg anteroposterior radiograph and MRI. A 3-D model and digital templates of the distal femur and proximal tibia was constructed. The surgeon could view and modify the templates, implant size, and component position in multiple planes. Disposable distal femur and proximal tibial cutting blocks specific to the patient anatomy were manufactured using the rapid prototyping technology (Fig. 1 ).
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The coronal alignment was set at neutral, perpendicular to the femoral and tibial mechanical axis. The sagittal femoral component position was set at 0º to 4º flexion to ensure best fit. The posterior tibial slope was set at 3º. The rotation of the femoral component was based on the posterior condylar, with the transepicondylar axis as a secondary reference. The rotation conformed with the Genesis II implant design that has asymmetric posterior condylar thickness and rotation built into the implant.
Intra-operatively, the femoral cutting block was positioned onto the distal femur, and a perfect fit (no rocking or floating) was confirmed before placing the fixation pins. In case of an imperfect fit, conventional instrumentation was used instead. The distal cut was made through the cutting block, and the 4-in-one cutting block was placed based on the pin placement dictated by the block.
Postoperatively, limb alignment, and coronal, sagittal, and rotational position of the femoral and tibial components were assessed by a single radiographer using the Perth protocol CT at 3 to 6 months (Fig. 2) . All measurements were independently verified by 2 researchers; any difference was resolved by consensus. For the conventional TKA group, CT assessment was made after a mean of 19 (range, 3-46) months.
Each variable was analysed using the univariate analysis/means procedure. The 2 groups were compared using the independent t test for continuous angle measurements (Satterthwaite p value was used when equality of variances was not met) and the Chi-squared test or Fisher's exact test for categorical angle measurements (e.g. within ±3º or ±1º) when cell counts were small. A p value of <0.05 was considered statistically significant. Table  1 ]. The difference was not significant in terms of limb alignment, coronal and rotational femoral component position, or coronal and sagittal tibial component position.
In 41 of the 45 patients with PMI TKA, the mean resection error (difference between the planned and actual bone cut) of the femur and tibia was calculated ( Table 2) . Intra-operatively, all patient-matched cutting blocks demonstrated acceptable fit and stability. No instrument-related adverse events or complications were encountered. One (2.2%) femur and 6 (13.3%) tibias were recut 2 mm for optimal ligament balancing. Two femoral components were upsized to the next size, and 2 tibial components were upsized and 2 downsized to the next size.
discussion
Success of TKA relies on the accuracy of component positioning, limb alignment, soft tissue balancing, and management of the extensor mechanism. In our patients with PMI TKA, all patient-specific cutting blocks were accurate and fitted well with no rocking or floating. Although the percentage of knees with femoral component rotation within ±3º of neutral was comparable in PMI and conventional TKA groups, the percentage of knees with any internally rotated femoral component was higher after conventional TKA (20% vs. 55%, p=0.001). Any degree of internal rotation of the femoral component is detrimental to patellofemoral tracking. The PMI group had a significant tendency to correct femoral component rotation. The sagittal femoral component position was set at 0º to 4º flexion in the PMI group to achieve best fit; in the conventional TKA group it depends on the intramedullary alignment rod. This could explain the significant difference in the sagittal femoral component position between the PMI and conventional TKA group (2.4° vs. 0.9º, p=0.0008). Regarding tibial component position, PMI had no advantage over conventional TKA.
As the annual volume of TKAs continues to increase, it is important to increase operating theatre efficiency and to decrease postoperative hospital stay and costs. 9, 15 Computer navigation has been shown to decrease outliers and improve component position. [5] [6] [7] [8] Compared with conventional TKA, PMI TKA has been reported to achieve equivalent or better accuracy in component positioning, 11, [13] [14] [15] [16] or to be impractical, inaccurate, or insignificantly different to be used routinely. [17] [18] [19] [20] [21] The accuracy of patient cutting guides has been intra-operatively tested using computer navigation, but there was no objective way to define whether the perceived alignment deviation or error was from the PMI or the computer navigation system. 18, 19 The PMI was abandoned if computer navigation showed an alignment deviation. In our study, the PMI system was based on a combination of MRI and long-leg radiograph and aimed to restore a neutral mechanical alignment (compared with the kinematic alignment in other PMI platforms). PMI enabled the surgeon to preoperatively better appreciate bone defects in advanced osteoarthritis and preoperatively plan bone cuts, implant position, implant size, and need for augments. Blind reliance on the technician-made preoperative plan is not recommended. 22 The limb alignment and component position was measured using the Perth-protocol CT to avoid the disadvantages of radiography or intraoperative computer navigation.
There were limitations to our study. It was not randomised. The control group was not prospectively recruited. Nonetheless, the 2 groups were comparable. Functional outcome such as pain, range of motion, and patient satisfaction was not assessed. There was a learning curve of PMI for the surgeons and the nursing team. Long-term studies to determine the revision rate and cost-effectiveness are needed. conclusion PMI was as accurate as conventional instrumentation in TKA. There was no significant difference in limb alignment or femoral and tibial component position in the coronal and sagittal planes between PMI and conventional TKA. PMI had a higher tendency to achieve correct femoral component rotation.
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